S-Adenosylhomocysteine metabolism was studied in cell extracts of streptonigrin-producing Streptomyces flocculus. The major route of metabolism was found to be deamination to form S-inosylhomocysteine. The metabolite was purified by high-performance liquid chromatography and identified by its UV and nuclear magnetic resonance spectra and by its chemical degradation to hypoxanthine.
as two 0-methylations later in the pathway (6) . The tryptophan C-methyltransferase is the first enzyme in the pathway which commits a primary metabolite to antibiotic biosynthesis and therefore is a likely site of regulation for the pathway. One product of the reaction, S-adenosyl-L-homocysteine (AdoHcy), is known to be a potent inhibitor of S-adenosylmethionine-dependent methyltransferases (2, 4) , and inhibition of the tryptophan C-methyltransferase by AdoHcy has been demonstrated in partially purified enzyme preparations (M. K. Speedie and B. Fox, unpublished data).
Cellular levels of AdoHcy are known to be regulated in eucaryotic cells by AdoHcy hydrolase (EC 3.3.1.1), which hydrolyzes AdoHcy to adenosine and homocysteine (12) . In procaryotic organisms, the predominant route of metabolism is catalyzed by AdoHcy nucleosidase (EC 3.2.2.9), which generates adenine and S-ribosylhomocysteine (14) , although recently Shimizu et al. (12) demonstrated the occurrence of AdoHcy hydrolase in some procaryotic organisms, including one streptomycete. In order to examine AdoHcy metabolism in S. flocculus, we incubated cell extract with AdoHcy and discovered an unexpected metabolite, S-inosylhomocysteine (InoHcy), as the major product. The identification of this metabolite is the subject of this report.
Cultures of S. flocculus (ATCC 13257) were inoculated with a 5% inoculum of seed culture which had been grown for 48 h from a spore suspension in 100 ml of Emerson broth (1.0% glucose, 0.4% beef extract, 0.4% Gelysate peptone, 0.1% yeast extract, 0.25% NaCl in 1 liter of distilled water, adjusted to pH 7.0) in a 1-liter Erlenmeyer flask at 28°C and 180 rpm. Cultures (250 ml of Emerson broth in 2-liter Erlenmeyer flasks) were grown for 24 h at 28°C and 180 rpm (New Brunswick model M52 Controlled Environment Incubator Shaker) and then harvested by filtration. A cell slurry in 10 mM sodium phosphate buffer (pH 8.0) with 1 mM dithiothreitol was sonified at setting 5 on an Ultrasonics sonifier in an ice bath and centrifuged for 20 min at 30,000 x g to remove cell debris. The crude cell extract was precipitated with 70% ammonium sulfate and centrifuged at 30,000 x g for 20 min at 6°C. The precipitate was redissolved in 20 mM potassium phosphate buffer, pH 7.0, and dialyzed for 24 h against two changes (2.5 liters) of the same buffer at 4°C. This preparation was used for subsequent assays.
The standard assay for AdoHcy metabolism was performed as a modification of the procedure described by Shimizu et al. (12) by incubating 0.125 ml of enzyme preparation (0.37 mg of total protein) with 0.22 mM AdoHcy (Sigma Chemical Co., St. Louis, Mo.) and 0.11 M potassium phosphate buffer, pH 6.5 (total volume, 0.225 ml). The assay mixture was incubated for 60 min at 37°C, and the reaction was stopped by the addition of 25 p1l of 30% perchloric acid to precipitate proteins. After the addition of 0.25 ml of 0.5 M potassium phosphate buffer, pH 7, the mixture was centrifuged and 100 R1 of supernatant was analyzed by high-pressure liquid chromatography (HPLC) on a system consisting of a Beckman 114 pump, a Waters U6K injector, a Beckman 5-,um Ultrasphere ODS column (0.46 by 15 cm), a Beckman 160 absorbance detector with a 254-nm filter, and a HewlettPackard 3392A integrator. The mobile phase consisted of 0.3 M KH2PO4-methoanol, 96:4, at a flow rate of 1 ml/min. A sample chromatogram of standards and of the reaction product is shown in Fig. 1 . The enzyme preparation yielded only one peak (6.85 min), which increased with time, and that peak did not correspond to any expected product. Control incubation with boiled enzyme (5 min at 100QC) showed no nonenzymatic conversion of AdoHcy and, specifically, no peak at 6.85 min. It should be noted that, under chromatographic conditions similar to those described by Shimizu et al. (12) , adenine and the unknown reaction product are not well resolved, but conditions were modified as stated above to achieve complete resolution.
A scaled-up reaction was run to collect sufficient product for identification. The large-scale reaction was conducted by using 25 mg of AdoHcy and 4 ml of crude enzyme preparation; all other conditions were kept the same. After 1 h of incubation, 96% of the AdoHcy was converted to one product, which gave a retention time of 6.85 min in the HPLC system described above. Product was collected by using the same HPLC system equipped with a Waters RBondapak semipreparative C18 column (0.78 cm by 30 cm) and a mobile phase consisting of 0.2 M ammonium acetatemethanol (92:8) at a flow rate of 2 ml/min. Multiple injections of 0.4 ml each were made, the fractions corresponding to the product peak were collected, and these fractions were dried completely on a Savant evaporator. The product was crystallized (ethanol-water).
The collected product was identified on the basis of its melting point, UV spectrum, chemical hydrolysis to generate hypoxanthine, and 1H-nuclear magnetic resonance (NMR). The UV spectrum in water, determined on a Gilford System 2600 spectrophotometer, yielded a peak at 249.0 nm, corresponding to inosine and hypoxanthine. The UV spectrum of AdoHcy is determined entirely on the basis of its base, and one would expect the UV spectrum of InoHcy to be determined by its base also.
Chemical hydrolysis was performed by incubating 6 p.g of purified product with 0.1 N H2SO4 in a volume of 1 ml at 100°C for 1 h. A portion of the hydrolysis mixture was chromatographed on the HPLC system described previously, and the sole product detectable at 254 nm corresponded to authentic hypoxanthine. Therefore, the base moiety of the unknown product was identified by two methods as the deamination product of adenine, hypoxanthine, thus suggesting that the unknown metabolite was InoHcy.
This tentative identification was confirmed by melting point determination and 1H-NMR. The melting point was 186 to 188°C (decomp.), which corresponds to previously reported values for InoHcy (10; Y. S. Wu, Ph.D. thesis, University of Kansas, Lawrence, 1975). The NMR spectrum was determined by using a G. E. QE 300-MHz NMR spectrometer from 4.7 mg of the sample in D20: 8 8.29, 8.17 (2s, 2H, C8-H, C2-H), 6 .05 (d, 1H, J = 5.0, C1l-H), 4 .40 (m, 1H, C3.-H, collapsed to a doublet upon irradiation at 4.30), 4 .30 (m, 1H, C4 -H, collapsed to a doublet upon irradiation at 3.00), 3 .79 (t, 1H, J = 6.9, C',-H, collapsed to a singlet upon irradiation at 2.08), 3.00 (pair of overlapping AB patterns, 2H, Jgem = 14 Hz, C5-H2), 2.67 (t, 2H, J = 7.6, C,-H2, collapsed to a singlet upon irradiation at 2.08), 2.08 (m, 2H, Jat13 = 6.9, J13y = 7.5, C.-H2 
